e carried out percutaneous, arthroscopicallyand fluoroscopically-assisted osteosynthesis of fractures of the tibial plateau in 52 patients, of whom 38 were assessed using the HSS knee score and standing radiographs. We reviewed 31 AO type-B fractures and seven type-C fractures after a mean follow-up of five years (1 to 14). Fixation was achieved using percutaneous screws and/or an external frame; 33 associated intra-articular injuries, diagnosed in 21 out of the 38 patients, were treated arthroscopically.
In fractures of the tibial plateau precise reduction of the articular surface with stable fixation restores the mechanical axis allowing early mobilisation. Ligamentous stability and preservation of the menisci are important for a longlasting result. [1] [2] [3] [4] [5] [6] [7] [8] [9] Open reduction and internal fixation has a significant complication rate 8, 10, 11 which has encouraged interest in percutaneous techniques. [12] [13] [14] [15] Arthroscopy is particularly helpful since it provides a good view of the fractured articular surface and any other intra-articular lesion, while limiting soft-tissue damage. Good early results of arthroscopically-assisted osteosynthesis of fractures of the tibial plateau have been reported previously. [16] [17] [18] [19] [20] [21] [22] [23] There are few long-term studies. Our aim was to determine whether the good immediate results withstood the test of time.
Patients and Methods
We performed arthroscopically-assisted treatment in 64 patients with fracture of the proximal tibia involving the knee. In seven the intercondylar eminence had been avulsed in a single injury; they were excluded because they represented an isolated injury to the cruciate ligament. Another five patients were treated conservatively after arthroscopic evaluation and were also excluded. In the 52 remaining patients the fractures were reduced percutaneously and fixed under arthroscopic and fluoroscopic control by one of the senior authors (FH or PPC). There were 38 patients, 22 women and 16 men with a mean age at injury of 47 years (14 to 81), available for independent review (TS or CSN). One patient had died from an unrelated cause and 13 others could not be traced or refused to participate in the study. These lost patients were assessed from their hospital records but, since their follow-up was for less than one year, only information about the fracture, complications and the early results are described. The mean follow-up was 5.2 years (1.3 to 14); 21 of the patients reviewed had a follow-up of five years or more.
Using the AO classification 24 there were 44 unicondylar type-B and eight bicondylar type-C fractures. The types of fracture and method of osteosynthesis in all 52 patients are shown in Table I . Arthroscopy enabled us to diagnose 44 associated intra-articular lesions in 28 patients (Table II) . Meniscal tears were resected in 12 patients, sutured in two and left alone in two. One displaced fracture of the intercondylar eminence was fixed during the same operation, but ruptures of the anterior cruciate ligament (ACL) were not repaired or reconstructed. Three patients had sustained a severe injury to the medial collateral ligament which was confirmed arthroscopically. These lesions were treated conservatively. Percutaneous reduction of the fracture and osteosynthesis were performed under fluoroscopic and arthroscopic control. According to the type of fracture and size of the fragment 6.5-AO cannulated screws, 6.5-AO spongiosa screws, large cannulated Herbert screws or Kirschner wires were used. Metaphyseal or unstable fractures needed additional external fixation (Figs 1 to 3 ). Split fractures were reduced by closed manipulation together with percutaneous pinning by the joy-stick technique (Fig. 4) . Depressed fractures were elevated through a cortical win- Diagrams showing the joy-stick technique for fixation of split fractures. A Kirschner wire is introduced into one of the larger fragments to facilitate manipulation (a). When an adequate position is found, the wire is advanced into the major fragment (b). With arthroscopic visualisation of the articular surface, a cannulated screw is run over the wire and the fracture compressed (c).
dow ( Fig. 5 ). Bone grafting was carried out in nine of the fractures reviewed and in four not available for follow-up. A pneumatic tourniquet was used routinely. During arthroscopy, the pressure of the intra-articular fluid was kept below 40 mmHg. The mean time for anaesthesia was 88 minutes (35 to 205). All patients were mobilised immediately after surgery, using continuous passive motion. Weight-bearing was delayed until there was radiological evidence of healing of the fracture, generally at about three months.
Patients were assessed clinically using the Hospital for Special Surgery (HSS) Knee Score 25 and radiologically using weight-bearing bipedal and long-leg films. Osteoarthritic changes were judged according to the scale of Ahlbäck 26 and the mechanical axis was measured on the radiographs.
Results
According to the HSS knee score 30 patients were rated as excellent (100 to 85), five good (84 to 70), three fair (69 to 60) and none poor (<60). The relationship between the HSS knee score, the type of fracture and associated intra-articular injuries is shown in Table III . All but one of the patients lost to follow-up, had a satisfactory result at their last visit. The exception had an incomplete reduction of the fracture and a poor result was predicted. None of the patients lost to follow-up was re-operated on in our hospital, except for two who had metal implants removed as a late elective procedure. At late review, 11 patients had radiological signs of degenerative arthritis of the injured knee as indicated by narrowing of the joint space on weight-bearing radiographs, but two had similar signs in the contralateral unaffected knee. No severe osteoarthritis with complete loss of joint space or bone destruction was observed. Axial deviation of between 5 and 10°, measured on long-leg standing radiographs, was found in six of the affected knees and four of those unaffected.
Subjectively, 36 of the reviewed patients were very pleased with the treatment, two were only mildly satisfied and none was dissatisfied. Work or sporting activities were adversely affected to a minor degree (Table IV) , although not all patients were working or participating in sport before injury. At follow-up 31 of the 38 patients took no analgesics, three took them less than once a week and four more often. Fig. 5 Diagrams showing the technique for fixation of depressed fractures. A cortical window is prepared beneath the depressed articular surface. The exact location and direction of the window are found by positioning, under arthroscopic control, an ACL tibial guide above the most depressed part of the tibial plateau. A Kirschner wire (a) and subsequently a cannulated drill are used to make a tunnel through which a punch is introduced and bone graft is impacted (b). A screw is advanced into the subchondral bone, parallel to the articular surface, to stabilise the fracture (c). There were no complications directly associated with the arthroscopy in any of the 52 patients. Two of those reviewed who were initially treated by external fixation and percutaneous screws, sustained a secondary displacement of a condylar fracture; one of them eventually needed a tibial osteotomy. Deep-venous thrombosis occurred in four patients, and one knee had to be manipulated under anaesthesia six months after the injury to achieve an acceptable range of movement.
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Discussion
Fractures of the tibial plateau require anatomical reduction and stable fixation in order to begin mobilisation early. This is further facilitated if soft-tissue damage can be kept to a minimum. Arthroscopic percutaneous techniques have given favourable short-term results [16] [17] [18] [19] [20] [21] and our study indicates similar findings after medium-term follow-up. According to the HSS knee score, 79% of reviewed patients had an excellent functional result at a mean followup of five years. This is substantiated by the low incidence of functional limitations at work and sport, and the high satisfaction rate. Unicondylar fractures tend to achieve better results than bicondylar fractures. In our series 83.9% of type-B fractures had excellent results compared with 57.1% of type-C injuries. Similar conclusions were reached by Moore et al 11 studying a larger population treated by traction or open osteosynthesis. Impaction or combined split impaction fractures (types B2 and B3) gave excellent results in 93.3% and had a slightly better prognosis than pure split fractures (73.3% with excellent results). This is at variance with the findings of Moore et al.
11
Associated intra-articular injuries were found in 53.8% of our series. A similar high incidence has been observed previously. 22, 23, 27 Diagnosis and immediate treatment of most associated lesions can be carried out at arthroscopy which accounts for the observations that such injuries did not seem to play a major role in the final functional outcome of the patients reviewed (Table III) . In contrast to Burchko and Johnson 19 we believe that immediate ACL reconstruction should not be attempted since it represents a significant supplementary injury to a knee that has already been severely injured. We treated these lesions conservatively. Out of nine patients with a partial or complete rupture of the ACL, eight achieved an excellent result (HSS score 100 to 85) and none of the patients reviewed required a secondary reconstruction of this ligament. Fractures of the intercondylar eminence associated with those of the tibial plateau were reduced and fixed immediately when unstable. Delamarter, Hohl and Hopp 28 reported severe associated injuries of the collateral ligament in 21% of their patients, based on operative findings and stress films; we found an incidence of only 5.8% arthroscopically. These lesions were also treated conservatively with satisfactory results. Radiologically, 28.9% of the knees reviewed showed narrowing of the joint space on standing films at a mean follow-up of five years. This is less than the 64% reported by Honkonen 3 after open osteosynthesis of the tibial plateau at a mean follow-up of 7.6 years. This discrepancy could be explained by differences in the type of fracture, the high prevalence of osteoarthritis in the uninjured knee (33% compared with 5% in our series) and the high incidence of total meniscectomy in his series (35.5%). As advocated by others, 22, 23, 27 we performed arthroscopic meniscal fixation or minimal resection whenever possible. This may account for the lower incidence of degenerative changes in our series.
3,29 Hohl 6 reported a large study of fractures of the tibial plateau treated by a variety of conservative and operative techniques, including arthroscopy, resulting in an incidence of "osteoarthrosis" of 21% after six years. The term osteoarthrosis is not properly defined and axial deformity of more than 10° was found in 28% of the cases compared with only 5 to 10° of malalignment in 15.8% of our patients. Secondary displacement of a condylar fracture occurred twice in type-C fractures treated by percutaneous osteosynthesis and an additional AO external fixation frame. This suggests that the AO frame may not be effective in stabilising comminuted metaphyseal fractures; the use of a semicircular frame as suggested by Mallik et al 12 could be an alternative. Deep-venous thrombosis was detected in four patients (7.7%) which is a higher incidence than has been reported in the literature for elective knee arthroscopy (0.17% to 4.2%) but lower than that for general knee surgery (25% to 57%). 30 No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
